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Abstract: During the first months of 2020, the Covid-19 pandemic has affected several countries
all over the world, including Italy. To prevent the spread of the virus, governments instructed
employers and self-employed workers to close their offices and work from home. Thus, the use of
remote working increased during the pandemic and is expected to maintain high levels of application
even after the emergency. Despite its benefits for both organizations and workers, remote working
entails negative consequences, such as technostress. The present study had a double aim: to test
the psychometric characteristics of the Italian translation of the brief version of the technostress
creators scale and to apply the scale to investigate technostress during the Covid-19 emergency.
The research involved 878 participants for the first study and 749 participants for the second one;
they completed a self-report online questionnaire. Results confirmed the three-factor structure of
the Italian technostress creators scale and highlighted positive relationships between workload,
techno-stressors, work–family conflict and behavioural stress. The role of remote working conditions
has been analysed as well. The study provided a useful tool for the investigation of technostress in
the Italian context. Moreover, it provided indications for practice in the field of remote working and
workers’ wellbeing.
Keywords: Covid-19; technostress; stress; technostress creators; work–family conflict; remote
working; smart working; technology use; scale validation
1. Introduction
Since early 2020, the world has been confronted with the consequences of the Covid-19 pandemic.
Italy has been one of the most heavily affected countries, and the first Western country to adopt
sectoral lockdown measures to prevent the spreading of the new virus. In a context of extreme change,
several emergency measures have been established by the government, including the simplification
of the procedures to access remote working from home for both private and public organizations.
Remote working, also known as telecommuting or telework, is an arrangement between employee and
employer where the employee’s work is performed remotely outside the employer’s premises thanks
to the aid of information and communication technologies (ICTs) [1].
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The Covid-19 emergency resulted in a radical and sudden reconsideration of the organization of
work in the name of the protection of human health within companies and public administrations.
The government’s aim was to reduce the presence of people in offices, limiting the movement of
workers throughout the national territory without compromising services. Remote working has
become a necessary and widespread solution, although, before the Covid-19 lockdown, it was not
widely adopted in Italy. A joint report by the International Labour Organization and Eurofound [1]
showed that, in 2017, Italy had the lowest percentage of employees remote working compared with
other European countries. In 2019, the Observatory of Politecnico of Milan estimated 570,000 remote
workers. According to the Italian Ministry of Labour and Social Policies, at the end of April 2020,
the number of remote workers was 1,827,792, which amounted to about 8% of total employment.
During the Covid-19 pandemic, the number of workers who worked remotely increased by 69% in
Italy. Globally, it has been estimated that about 81% of the worldwide workforce has been affected by
full or partial workplace closures [2]. Many workers experienced working from home for the first time
every day for several weeks, often without receiving any kind of remote work preparation before [3].
Many companies intend to maintain remote working also after the emergency. Benefits for both
organizations and workers have been demonstrated: improvements in performance, cuts to the costs
of “home-work-home” travelling, saving time and organizational resources, and higher employee
satisfaction [3,4]. Nevertheless, some negative consequences are also possible, particularly for workers’
wellbeing [5–9]. Accordingly, it is necessary to investigate this phenomenon during its highest peak of
adoption, in order to find out potential solutions and improvements for its future spread. One the one
side, we need a deep comprehension about how individuals experience their work and remote working
in such a particular situation, considering that work from home, supported by technologies, has
been almost ubiquitously used during the quarantine. Understanding evidence-based best practices
for remote working has never been more relevant [10] and findings from this study could address
practices and solutions to better deal with mandatory remote working during potential future lockdown
situations. On the other hand, results may allow generalizability beyond the Covid-19 pandemic given
that “extreme events”, like this one, frequently offer windows into understanding dynamics that are
less observable during regular conditions [11].
Particularly, the present work examined the role of ICT use and the occurrence of technostress,
which is “stress experienced by end users in organizations as a result of their use of ICTs” [12]
(pp. 417–418), during the Covid-19 emergency, in order to better understand the dynamics that
link technology use and workers’ stress and how they change under conditions of remote working.
Before, we provided psychometric information about the Italian translation of a brief version of the
technostress creators scale [12,13], useful to detect techno-stressors in the Italian context in traditional
or exceptional situations.
There is still a gap in the literature about stress due to technology [14] despite the numerous calls
for research to study the stressful impacts of both ICTs use and new form of work aided by ICTs [15,16].
Among the research questions proposed by Tams [17] in his agenda, emerged the importance to
understand “what factors are most important in explaining how and why technology creates stress
in users” (p. 6). Given the practical implications of such an assumption, it is crucial to understand
technology-induced stress and its relationship with remote working. This is particularly true in
times of radical changes as the current ones, where the crisis has had psychological consequences
for individuals and impacted on several work-related processes. Working conditions deteriorated
and family and job demands increased for many workers (high-pressure, emotionally demanding
interactions, overlapping of multiple roles) [10,18].
1.1. Technostress
During the last decades, ICTs advanced at a fast pace and impacted on work in all sectors. Among
its advantages, the literature described the speed of processing data, as well as portability and reliability
of data. Nevertheless, a negative side of this phenomenon exists with a connection between ICTs
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and higher level of stress among workers [19]. According to the World Health Organization (WHO),
the increased use of ICTs has modified work patterns today [20]; it has engendered an everlasting
urgency and fostered expectations about individuals being constantly available and working faster
and better [21].
A common feeling among ICTs users is not having enough time to complete tasks, notwithstanding
the constant effort to be efficient. The amount of available information has increased, and workers are
expected to deal with it as before, or even faster [22]. ICTs and Internet connection operate all hours
of the days and night, which creates an expectation that workers are constantly connected, available
and operative as well [21]. In this context, negative consequences such as stress or workaholism can
increase [23], while performance on complex tasks decreases [22].
The term technostress was originally coined by Craig Brod in 1984 [24], who described it as a
disease caused by one’s inability to cope or deal with ICTs in a healthy manner. Later, Weil and Rosen
defined technostress as “any negative impact on attitudes, thoughts, behaviours, or body physiology
that is caused either directly or indirectly by technology” [25] (p. 5). More recently, technostress has been
defined as “the stress that users experience as a result of application multitasking, constant connectivity,
information overload, frequent system upgrades and consequent uncertainty, continual relearning
and consequent job-related insecurities, and technical problems associated with the organizational
use of ICT” [22] (pp. 304–305). Another definition widely accepted today in the literature states that
technostress is “the phenomenon of stress experienced by end users in organizations as a result of their
use of ICTs” [12] (pp. 417–418).
Evidences from the literature showed several symptoms related to technostress, such as anxiety,
physical diseases, behavioural strain, technophobia, mental fatigue, memory disturbances, poor
concentration, irritability, feelings of exhaustion, and insomnia [26,27]. Among the main frequent
consequences of technostress, recent studies found reduced worker productivity, job performance,
job satisfaction and organizational commitment, lowered ICTs use intention and increased turnover
intentions [12,13,21,22,28–30]. A further outcome is work–family and work–life conflict, increased by
work-overload and flexibility due to technology use [31,32]. Ayyagari and colleagues [21] found that
technology generates stress via work–home conflict and role ambiguity as mediators.
1.2. Technostress Creators
Technology-related job demands that can provoke technostress are generally named
techno-stressors or technostress creators. Two significant stressors have been acknowledged as
originating from the use of ICTs for work purposes [29]. The first one is related to information overload:
the multiple technological sources can produce a great amount of information and stimuli that lead
to fatigue and loss of control over information flow for the users [33]. The second stressor refers to
constant availability: thanks to the aid of ICTs (Internet connection, smartphones, tablets, laptops)
workers can be connected at any time and everywhere; this fact supports expectations of constant
reachability, availability and instant responses [31]. Among other identified stressors the following
have been described [29]: the intensity of teleworking [34]; the frequent interruptions during work [35];
high e-mail quantity, and poor e-mail quality [36].
Tarafdar and colleagues [13] proposed a classification, widely accepted in the literature, of five
technostress creators: (1) techno-overload, related to ICTs’ potential to compel users to work faster and
longer or change work habit; (2) techno-invasion, referring to ICTs’ ability to invade users’ personal
life and make the boundaries between work and private contexts more blurred; (3) techno-complexity,
describing situations where ICTs’ features and complexity make users feel inadequate with respect
to their skills; (4) techno-insecurity, related to potential users’ feeling of being threatened about
losing their jobs, due to a replacement by automation or others who have a better ICT knowledge;
and (5) techno-uncertainty, associated with continuous upgrades and changes in ICTs that disturb
users and force them to constantly learn new aspects of ICTs.
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Based on the transaction-based model [37] and the person–environment fit model [16,38] of
stress, previous research (e.g., [12,13,21,39]) showed that technostress creators are associated with
behavioural and psychological strain outcomes. According to these models, stress occurs through a
phenomenological process where environmental demands exceed individuals’ resources. In this process,
strain refers to the psychological and behavioural responses to stressors present in the environment.
Grounded on the aforementioned literature, the present work had a double aim: to test the
psychometric characteristics of the brief Italian translation of the technostress creators scale [12,13]
(Study 1) and to apply the scale to the investigation of technostress during the Covid-19 emergency
(Study 2).
2. Study 1: Italian Translation of the Technostress Creators Scale
In Italy, the “always on” approach is particularly common and supported within organizations [19].
In addition, digital devices ownership and usage are high in this country, with the 61% of smartphone
penetration in 2019, which is projected to reach 65% percent of the total population in 2021 [40,41].
This would be an increase of 19% compared with 2014. Among Italian professionals, 100% of directors,
managers and academic professors, 99.5% of entrepreneurs and self-employed workers, and 98.8% of
office workers and teachers use internet through different devices [42]. Further data showed that 35%
of Italian users check their phone within five minutes of waking up in the morning, 34% access their
phone during the night after having gone to sleep and before waking up, and 13% check their phone at
least 50 times in a day [43]. Data on internet and digital devices use during Covid-19 lockdown are not
available yet, but we expect an exponential increment. A preliminary survey conducted by the Samsung
Trend Radar in April 2020 showed that the 79% of Italians used technologies during the quarantine for
several different reasons and 68% accessed to Internet through their PC for working purposes.
High levels of technologies use may increase workload and working pace, multitasking and
interruptions, leading to stress in the long run [44]. In light of the increased use of remote
working, monitoring technostress among workers has become even more urgent. As far as we
know, an instrument to detect techno-stressors is not available in Italian language; thus, the present
study’s aim is to propose a brief version of the technostress creators scale [12,13], relevant in the Italian
context for research and professional purposes.
Specifically, we intended to propose a brief version extracted from the original instrument, which
included 25 items to measure five factors. In our shorter version, which is more suitable for the general
practice and more economic for research, we selected a total of 11 items and three technostress creators,
namely techno-overload, techno-invasion, and techno-complexity. Attention was drawn specifically on
these three dimensions of technostress because they are considered specifically relevant in the current
scenario, where an increase of the use of technologies for work purposes is expected, also because of
an intensification of remote working. In this situation, the perception of overload due to technologies,
the risk of intrusion of work and technology into the personal life and the experience of complexity
in dealing with technologies may represent important stressors. Yet, previous research found that
techno-overload was the main influencing factor for exhaustion in teleworkers [15] and techno-invasion
was identified as one of the major causes of technostress among knowledge workers [45].
The aim of the study was to investigate the psychometric properties (reliability, convergent
validity and discriminant validity) of the three-factor Italian translation of the technostress creators
scale and to test measurement invariance between remote working and traditional working groups.
Thus, we formulated the following hypotheses.
Hypothesis 1a (H1a). The three-factor brief Italian version of the technostress creators scale shows an effective
factor structure.
Hypothesis 1b (H1b). The three-factor brief Italian version of the technostress creators scale shows
good reliability.
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Hypothesis 1c (H1c). The three-factor brief Italian version of the technostress creators scale shows good
convergent validity.
Hypothesis 1d (H1d). The three-factor brief Italian version of the technostress creators scale shows good
discriminant validity.
Hypothesis 1e (H1e). The three-factor brief Italian version of the technostress creators scale shows good factorial
validity among both remote workers and traditional workers and invariance of the measurement structure across
the two groups.
2.1. Materials and Methods
2.1.1. Procedure and Participants
A convenience sample of Italian workers was involved; researchers contacted participants
asking them to fill in an online self-report questionnaire. The questionnaire’s cover sheet explained
the anonymity (of both participants and their organizations), confidentiality and voluntariness of
participation in the research. All participants provided their informed consent. The research observed
the Helsinki Declaration [46] and the General Data Protection Regulation.
The sample was made up of 878 workers (57.7% female; 42.0% male; 0.2% missing). The mean
age was 39.45 years (SD = 11.57). Regarding education, 41.5% had a Bachelor’s or Master’s degree;
39.3% had a high school diploma; 12.5% had a qualification higher than Master’s degree; 6.2% had a
middle or elementary school diploma. Most of participants were married or cohabited (53.4%); 55.5%
did not have children. The job contract was permanent for 56.7% and fixed-term for 20.0%; 17.4% were
self-employed workers; 5.9% had other type of contracts. Participants were from different occupational
sectors: 26.8% tertiary sector; 19.8% professional services; 15.1% education; 9.9% secondary sector;
7.6% health; 6.4% primary sector; 14.4% other sectors. Over half, 53.4%, were doing remote working
when they completed the questionnaire.
2.1.2. Measures
Technostress creators were assessed through 11 items taken from the technostress creators
scale [12,13]: four items for techno-overload, three items for techno-invasion and four items for
techno-complexity. Table A1 in Appendix A shows the original version of the 11 items and their
Italian translation. Items were translated from English to Italian by an Italian native speaker researcher.
Successively, an English mother tongue made a back-translation from Italian into English. Participants
used a Likert scale from 1 = strongly disagree to 5 = strongly agree.
2.1.3. Data Analysis
Descriptive data analysis (mean and standard deviation), Pearson correlations and Cronbach’s
alpha coefficients were tested through the support of statistics software SPSS 26 (IBM, Armonk, NY,
USA). Confirmative factor analysis (CFA) was performed with the aid of Mplus 7 (Muthén and Muthén,
Los Angeles, CA, USA).
In order to assess construct validity of the Italian translation of the technostress creators scale’s
reliability, convergent validity and discriminant validity were considered. Reliability and convergent
validity were assessed by factor loadings (calculated through CFA), Cronbach’s alpha, the average
variance extracted (AVE) and the composite reliability (CR) [47]. Acceptable values are above 0.70 for
factor loadings, 0.50 for AVE and 0.70 for both Cronbach’s alpha and CR; moreover, CR should be
greater than AVE [48]. For discriminant validity, validation conditions are satisfied when the square
root of AVE value is higher than the maximum interrelated correlation (Max r) and AVE is higher than
both maximum shared variance (MSV) and average shared variance (ASV) [47,49].
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Subsequently, we tested for measurement invariance comparing the subsample of remote workers
with the subsample of traditional workers. First, we conducted a CFA among the two groups
separately. Then, we investigated measurement invariance according to the four levels described in
the literature [50]. The first level, configural invariance, tested a model with no invariance constraints.
The second level, weak invariance, tested the invariance of factor loadings. When this level is satisfied,
it means that factor loadings of items are equivalent across groups. The third level, strong invariance,
constrained item intercepts, and, if met, allows for a comparison of the means across groups. Finally,
the fourth level, strict invariance, was tested for error variance invariance.
For CFA, the method of estimation was maximum likelihood (ML). According to the literature [51],
several goodness-of-fit criteria were considered: the X2 goodness-of-fit statistic; the root mean square
error of approximation (RMSEA); the comparative fit index (CFI); the Tucker–Lewis index (TLI);
the standardized root mean square residual (SRMR). Nonsignificant values of X2 indicate that the
hypothesized model fits the data. Values of RMSEA smaller than 0.05 indicate a good fit and values
smaller than 0.08 indicate an acceptable fit. CFI and TLI values greater than 0.90 indicate an acceptable
fit, and values greater than 0.95 indicate a good fit. The SRMR has a range from 0 to 1, with a cutoff
criterion of 0.08 and values lower than 0.05 indicating an excellent fit.
2.2. Results
Table 1 shows CFA results for different factor models tested to better understand the measurement
structure of the scale. Comparison between models and the chi-squared difference test showed that
the three-factor model, depicted in Figure 1, was the best fitting one, confirming the structure of
the scale (H1a). Factor loadings ranged from 0.83 to 0.90 for techno-overload, from 0.70 to 0.82 for
techno-invasion, and from 0.80 to 0.90 for techno-complexity. Table 2 shows reliability and validity
coefficients. Alpha and CR coefficients were greater than 0.70, while AVE values were higher than
0.50. In addition, all CR values were higher than AVE values; thus, reliability and convergent validity
were achieved (H1b and H1c). Moreover, in all cases the square root of AVE value was higher than
interrelated correlations, and AVE was greater than MSV and ASV coefficients; therefore, discriminant
validity was also confirmed (H1d).
Table 1. Results of confirmative factor analysis (CFA), alternative models (N = 878).
χ2 df p CFI TLI
RMSEA (90%
CI) SRMR AIC Comparison ∆χ
2 p
M1. 168.12 41 <0.001 0.98 0.97 0.06 (0.05, 0.07) 0.04 23,823.23
M2. 2232.20 44 <0.001 0.65 0.56 0.24 (0.23, 0.25) 0.13 25,885.32 M2–M1 2064.08 <0.001
M3. 516.26 43 <0.001 0.92 0.90 0.11 (0.10, 0.12) 0.06 24,167.37 M3–M1 348.14 <0.001
M4. 852.53 44 <0.001 0.87 0.84 0.15 (0.14, 0.15) 0.28 24,501.64 M4–M1 684.41 <0.001
Note: M1.—three-factor model. M2.—one-factor model. M3.—two-factor model (one factor for overload and invasion,
which have the strongest correlation, and one factor for complexity). M4.—three-factor model, no covariations.
Table 2. Test of reliability, convergent validity and discriminant validity.
Variables Mean SD Cronbach’s Alpha AVE CR MSV ASV Max r T-OVER T-INV T-COMP
T-OVER 2.35 0.99 0.89 0.69 0.90 0.55 0.37 0.74 0.83
T-INV 2.15 1.05 0.81 0.59 0.81 0.55 0.41 0.74 0.74 0.77
T-COMP 1.83 0.92 0.91 0.71 0.91 0.27 0.23 0.52 0.44 0.52 0.84
Note: AVE > 0.50; CR > 0.7; AVE > MSV;
√
AVE > Max r;
√
AVE is bold-face diagonal. Techno-overload (T-OVER).
Techno-invasion (T-INV). Techno-complexity (T-COMP).
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Measurement Invariance
Table 3 shows results of CFA in the two samples, remote working and traditional working,
and results of the multigroup test of invariance. CFA showed acceptable fit to the data in both samples.
As for the invariance test, the configural model provided a good fit to the data. Thus, the model
was able to fit data from the remote working and traditional working samples when no additional
invariance constraints were imposed. The weak measurement invariance was also supported since
difference in fit between the two nested models (weak vs. configural) was n t statistically significant.
Based on chi-squared difference, the strong m del fitt d the data worse than the weak model. However,
between the more and less complex models, the change in RMSEA was considerably less than the
0.015 value recommended to support interpretation of invariance as well as the change in CFI that was
less than 0.01 [52]. Thus, the improvement in parsimony was greater than the loss in fit, supporting
the strong measurement invariance and the comparison of means between the two samples. Finally,
the strict model fitted the data worse than the strong model, according to chi-squared difference.
Nevertheless, also in this case the change in RMSEA was considerably less than 0.015 and the change
in CFI was less than 0.01 [52]. Therefore, all levels of comparability were supported and hypothesis 1e
was fully confirmed.
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Table 3. Results of CFA and multigroup test of invariance (ML estimation; remote working sample
N = 469; traditional working sample N = 409).
Models χ
2 df p CFI TLI RMSEA (90% CI) SRMR AIC Comparison ∆χ2 p
Single Group Models
CFARW 101.85 41 <0.001 0.98 0.98 0.06 (0.04, 0.07) 0.03 12668.86
CFATW 143.86 44 <0.001 0.96 0.95 0.07 (0.05, 0.08) 0.05 11048.46
Multiple Groups Invariance
M1. 295.81 90 <0.001 0.966 0.959 0.07 (0.05, 0.08) 0.05 23751.92
M2. 302.17 98 <0.001 0.967 0.963 0.07 (0.05, 0.08) 0.05 23742.28 M2–M1 6.35 0.608
M3. 321.00 101 <0.001 0.964 0.961 0.07 (0.05, 0.08) 0.06 23755.11 M3–M2 18.83 <0.001
M4. 359.29 112 <0.001 0.960 0.960 0.07 (0.05, 0.08) 0.07 23771.40 M4–M3 38.30 <0.001
Note: CFARW is CFA in remote working sample. CFATW is CFA traditional-working sample. M1 is the configural
model. M2 is the weak model. M3 is the strong model. M4 is the strict model.
3. Study 2: Investigation of Technostress during the Covid-19 Emergency
In Study 2, we investigated antecedents and consequences of the three techno-stressors
(techno-overload, techno-invasion and techno-complexity). Among the antecedents, we considered
the role of workload, which refers to the individual perception of having too much work to do, too
diverse tasks to carry out and/or not enough time to accomplish the assigned job [53]. In the presence
of high level of workload, the use of ICTs for work purposes increases as well. Hence, we expected
that the use of ICTs resulted in an increased perception of working faster and longer (techno-overload),
in more occasions of invasion of ICTs into personal life (techno-invasion) and into a higher risk of
being confronted with complexity in the use of ICTs (techno-complexity).
Hypothesis 2a (H2a). Workload shows a positive relationship with techno-invasion, which means that higher
levels of workload would result in higher levels of techno-invasion.
Hypothesis 2b (H2b). Workload shows a positive relationship with techno-overload, which means that higher
levels of workload would result in higher levels of techno-overload.
Hypothesis 2c (H2c). Workload shows a positive relationship with techno-complexity, which means that higher
levels of workload would result in higher levels of techno-complexity.
Among the consequences of techno-stressors, work–family conflict and behavioural stress were
considered. Consistent with the role strain hypothesis within role theory [54], work–family conflict can
be defined as: “a form of inter-role conflict in which the role pressures from the work and family domains
are mutually incompatible in some respect. That is, participation in the work (family) role is made
more difficult by virtue of participation in the family (work) role” [55] (p. 77). Work–family conflict
was associated with poorer physical health and higher rates of stress, anxiety and depression [28,56,57].
Moreover, using ICTs to perform work tasks increases flexibility and make work–family borders more
permeable, and we expected that a greater invasion of technology into personal life could be positively
associated with inter-role conflict between work and family. Moreover, workload was found as one
of the main determinants of work–family conflict [31]; therefore, we expected a positive relationship
between these two dimensions as well.
Hypothesis 2d (H2d). Workload shows a positive relationship with work–family conflict, which means that
higher levels of workload would result in higher levels of work–family conflict.
Hypothesis 2e (H2e). Techno-invasion shows a positive relationship with work–family conflict, which means
that higher levels of techno-invasion would result in higher levels of work–family conflict.
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Moreover, according to the transaction-based model [37], the three techno-stress creators lead to
stress symptoms. Particularly, we considered behavioural symptoms of stress, such as lack of initiative,
lack of energy to socialize, eating disorder. Regarding techno-invasion we expected that the relationship
with behavioural stress was fully mediated by work–family conflict, while, for techno-overload and
techno-complexity, we expected a direct relationship.
Hypothesis 2f (H2f). Techno-invasion shows an indirect positive relationship with behavioural stress,
fully mediated by work–family conflict. When techno-invasion increases, behavioural stress also rises, through
an increase in work–family conflict.
Hypothesis 2g (H2g). Techno-overload shows a positive association with behavioural stress, which means that
higher levels of techno-overload result in higher levels of behavioural stress.
Hypothesis 2h (H2h). Techno-complexity show a positive association with behavioural stress, which means
that higher levels of techno-complexity results in higher levels of behavioural stress.
The hypothesized model is described in Figure 2.
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3.1. Materials and Methods
3.1.1. Procedure and Participants
In Study 2, a convenience sample of Italian workers was taken; researchers contacted participants
asking them to fill in an on-line self-report questionnaire. The questionnaire’s cover sheet explained
the anonymity (of both participants and their organizations), confidentiality and voluntariness of
participation in the research. All participants provided their informed consent. The research observed
the Helsinki Declaration [46] and the General Data Protection Regulation.
The sample included only participants who completed the questionnaire during the Covid-19
emergency (April 2020). Among the 749 participants, 438 were females (58.5%) and 309 were males
(41.3%). The mean age was 38.66 years (SD = 11.25). Regarding education, 39.5% had a high school
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diploma; 39.2% had a Bachelor’s or Master’s degree; 14.8% had a qualification higher than Master’s
degree; 6.5% had a middle school diploma. Most of participants were married or cohabited (51.1%);
57.7% did not have children. The job contract was permanent for the 52.5% and fixed-term for the
20.8%; 20.4% were self-employed workers; 6.3% had other type of contracts. Participants were from
different occupational sectors: 25.0% tertiary sector; 19.9% professional services; 14.3% education;
10.4% secondary sector; 7.9% health; 7.2% primary sector; 15.4% other sectors. During the Covid-19
emergency, 62.6% were working from home in average for 4.74 days per week (SD = 1.28).
3.1.2. Measures
Technostress creators were assessed through the 11-item brief Italian technostress creators scale
validated in Study 1: four items for techno-overload, three items for techno-invasion and four items
for techno-complexity. Participants used a Likert scale from 1 = strongly disagree to 5 = strongly agree.
Cronbach’s alpha was 0.90 for techno-overload, 0.81 for techno-invasion and 0.91 for techno-complexity.
Workload was measured through three items [58] using a Likert scale from 1 = never to 5 = always.
An example item is “I work under high time pressure due to a heavy workload”. Cronbach’s alpha
was 0.85.
Work–family conflict was investigated using three items [59,60] on a Likert scale from 1 = strongly
disagree to 5 = strongly agree. An example item is “The demands of your job interfere with your home
and family life”. Cronbach’s Alpha was 0.90.
Behavioural stress was measured through eight items taken from the Copenhagen Psychosocial
Questionnaire [61] with a Likert scale from 1 = never to 5 = always. An example item is “I have not
been able to stand dealing with other people”. Cronbach’s alpha was 0.86.
3.1.3. Data Analysis
Descriptive data analysis (mean and standard deviation), Pearson correlations and Cronbach’s
alpha coefficients were tested through the support of statistics software SPSS 26 (IBM, Armonk, NY,
USA). Structural Equation Model was performed with the aid of Mplus 7 (Muthén and Muthén,
Los Angeles, CA, USA). A Structural Equation Model was performed to test the hypothesized model
controlling for the dichotomous variable remote working (1 = remote working at least two days per
week; 0 = traditional working). The item parcelling technique [62] was adopted for behavioural stress.
Earlier, Harman’s single-factor test [63] was used to exclude the common method variance issue.
CFA results suggested that one single factor could not account for the variance in the data [χ2 (252,
N = 749) = 6682.90, p < 0.001, RMSEA = 0.18 (90% CI: 0.18, 0.19), CFI = 0.42, TLI = 0.36, SRMR = 0.15].
The significance of the indirect effects was verified through a bootstrapping procedure which extracted
2,000 new samples from the original one in order to calculate direct and indirect parameters of the
model [64]. The method of estimation was maximum likelihood (ML). As in Study 1, the following
goodness-of-fit criteria were considered: the X2 goodness-of-fit statistic, RMSEA, CFI, TLI and SRMR.
3.2. Results
Table 4 shows means, standard deviations, and correlations between the study variables
investigated during the Covid-19 emergency. Results showed a significant positive correlation
between behavioural stress and work–family conflict, the three techno-stress creators and workload.
Work–family conflict also showed significant positive correlations with the three techno-stress
creators and workload. Remote working positively correlated with techno-overload, techno-invasion
and workload.
The hypothesized model, depicted in Figure 3, fitted to the data well: χ2 (154) = 502.58,
p < 0.001, CFI = 0.96, TLI = 0.95, RMSEA = 0.06 (90% CI: 0.05, 0.06), SRMR = 0.04. According
to the model, workload was positively related to techno-invasion (H2a), techno-overload (H2b),
techno-complexity (though to a weaker extent; H2c) and work–family conflict (H2d). Techno-invasion
was positively related to work–family conflict (H2e), which in turn was positively associated to
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behavioural stress. Moreover, both techno-overload (H2g) and techno-complexity (H2h) showed a
direct positive relationship with behavioural stress. Finally, the control variable remote working showed
a positive relationship with workload, techno-invasion and techno-overload, while its relationship
with work–family conflict and behavioural stress was negative. The model explained about 22% of
the variation in techno-invasion, 23% in techno-overload, 38% in work–family conflict and 15% in
behavioural stress; the variance explained for workload and techno-complexity was not significant.
Table 5 shows all the statistically significant indirect effects evaluated through the use of bootstrapping
procedure. Results reported in the first line confirmed the indirect effect from techno-invasion to
behavioural stress, mediated by work–family conflict (H2f).
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Table 4. Means, standard deviations, Cronbach’s alphas and correlations among study variables
(N = 749).
Variables 1 2 3 4 5 6 7
1. Behavioural stress
2. Work–family conflict 0.23 ** -
3. Techno-overload 0.22 ** 0.35 ** -
4. Techno-invasion 0.24 ** 0.48 ** 0.70 ** -
5. Techno-complexity 0.23 ** 0.19 ** 0.43 ** 0.45 ** -
6. Workload 0.19 ** 0.47 ** 0.35 ** 0.37 ** 0.12 ** -
7. Remote working (1 = yes) −0.07 0.03 0.29 ** 0.25 ** 0.01 0.13 ** -
M 2.53 2.76 2.30 2.15 1.83 3.02 -
SD 0.81 1.23 0.97 1.05 0.92 1.10 -
Note. ** p < 0.01.
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Table 5. Indirect effects using bootstrapping (2000 replications).
Indirect Effects Est. S.E. p CI 95%
H2f = Tech. Inv. →WFC→ Stress 0.10 0.02 <0.001 (0.04, 0.11)
W-load→WFC→ Stress 0.07 0.02 <0.001 (0.03, 0.10)
W-load→ Tech. Over. → Stress 0.07 0.02 <0.001 (0.03, 0.11)
W-load→ Tech. Comp. → Stress 0.02 0.01 0.029 (0.01, 0.04)
W-load→ Tech. Inv. →WFC→ Stress 0.03 0.01 <0.001 (0.01, 0.04)
W-load→ Tech. Inv. →WFC 0.15 0.02 <0.001 (0.11, 0.19)
Remote W.→WFC→ Stress −0.02 0.02 0.012 (−0.04, −0.01)
Remote W.→ Tech. Over. → Stress 0.04 0.01 0.001 (0.02, 0.07)
Remote W.→ Tech. Inv. →WFC→ Stress 0.02 0.01 0.001 (0.01, 0.03)
Remote W.→ Tech. Inv. →WFC 0.08 0.02 <0.001 (0.05, 0.12)
Remote W.→W-load→ Tech. Over→ Stress 0.01 0.01 0.031 (0.01, 0.17)
Remote W.→W-load→WFC 0.05 0.02 0.003 (0.02, 0.08)
Remote W.→W-load→ Tech. Inv. →WFC 0.02 0.01 0.006 (0.01, 0.03)
Remote W.→W-load→ Tech. Over 0.05 0.02 0.003 (0.02, 0.08)
Remote W.→W-load→ Tech. Inv. 0.05 0.02 0.003 (0.02, 0.08)
Remote W.→W-load→ Tech. Comp. 0.02 0.01 0.043 (0.01, 0.03)
Remote W.→W-load→WFC→ Stress 0.02 0.01 0.018 (0.01, 0.02)
Note: All parameter estimates are presented as standardized coefficients. Estimates (Est.). Standard error
(SE). Confidence interval (CI). Techno-invasion (Tech. Inv.). Work–family conflict (WFC). Workload (W-load).
Techno-overload (Tech. Over.). Techno-complexity (Tech. Comp.). Remote working (Remote W.).
4. Discussion
The two presented studies contributed to the literature on technostress in different ways. First,
Study 1 provided an Italian translation of the brief version of the technostress creators scale, useful to
investigate technostress among both remote and traditional workers in the Italian context. Second,
Study 2 showed some evidences about antecedents and consequences of techno-stressors experienced
by workers during the Covid-19 emergency. Study findings could be useful to address both future
research on technostress and practical implications in the field of human resources management,
relevant in time of pandemics and lockdown as well as during traditional working periods.
Study 1’s aims were achieved and all hypotheses were supported, since results confirmed the
three-factor structure of the scale and showed good reliability, convergent validity and discriminant
validity of the brief Italian technostress creators scale. Moreover, the measurement invariance
calculation confirmed that the scale can be used among both remote and traditional workers and
permits all levels of comparability between the two groups.
The investigation of the model hypothesized in Study 2 found a complete confirmation of the
study hypotheses. According to hypotheses 2a, 2b and 2c, which were fully confirmed, workload
showed a positive association with the three technostress creators; the association was stronger with
techno-overload and techno-invasion compared with techno-complexity. Results confirmed that in
the presence of high levels of workload individuals perceive more techno-stressors [65]; particularly,
they feel forced to work faster and longer (techno-overload) and perceive more invasion of technology
into their private lives.
In turn, technostress creators were associated with work–family conflict and behavioural stress.
More in detail, techno-invasion showed a positive association with work–family conflict, confirming
hypothesis 2e. This result can be considered reasonable because the intrusion of work into personal life,
through the use of ICTs, supports the negative spillover between the two domains. Techno-invasion
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refers to being always connected, a feeling of being constantly reachable and attuned to work issues.
This condition represents the spillover of work technologies to the family domain [66,67] and fosters
the conflict between the two roles. As evidenced by Gaudioso and colleagues [66], it is a zero-sum
game: whether ICTs deeply penetrate the family boundaries (i.e., high techno-invasion) the individual
will have less time and energies to devote to his/her family responsibilities. Also, workload showed
a positive relationship with work–family conflict (hypothesis 2d), consistent with previous studies
that highlighted a high level of workload as a crucial determinant of perceived incompatibility
between work and family roles [31]. Moreover, the three technostress creators showed a positive
relationship with behavioural stress, which was indirect, fully mediated by work–family conflict, in
the case of techno-invasion (hypothesis 2f) and direct for techno-overload and techno-complexity
(hypotheses 2g and 2h). Previous studies already demonstrated the positive association between
techno-stressors and behavioural strain, according to the transaction-based model of stress [37].
The study also provided interesting results related to the remote working condition, which was
considered in the model as a control variable. First of all, findings suggested a positive relationship
between remote working and workload, techno-overload and techno-invasion. Despite this, one would
not expect that working practices, such as remote working, introduced to help employees in achieving
a more satisfactory work–life balance results in more workload, intensification of work was associated
with flexible work designs, due to the expectation that flexibility should be reciprocated with extra
effort [68]. Among the explanations, there is also the elimination of workplace distractions (such as
colleagues’ demands and interruptions), although this is not to say that home, or other locations,
will not generate distractions as well [69]. The present study supported previous findings indicating
that remote workers work more [70,71] and suffered from a perceived increase of the overload and
work intrusion into personal life due to the use of ICTs.
On the other hand, remote working showed a negative relationship with both work–family conflict
and behavioural stress. Telework was found to be associated with significantly lower work–family
conflict [72], work-role stress and work exhaustion [72,73]. It was argued that the psychological
mechanism leading to stress reduction could be an increased perception of control allowed by remote
working arrangements and flexibility [74]. Nevertheless, the indirect effects from remote working to
both work–family conflict and stress through workload and technostress creators were positive and
significant. These ambiguous findings were in line with current literature on flexible work designs,
where three paradoxes were described [68]. The autonomy paradox assumes that ICTs provides more
flexibility and autonomy, which lead workers to work more and to feel controlled [7,75,76]. The second
paradox is the connectivity one, according to which the use of ICTs improves quality and accuracy
of data sharing and communication; however, potentiality of connectivity fosters expectations of
permanent connectivity [77,78]. Finally, the telecommuting paradox, which posits that telecommuting
leads to discordant results: on the one hand it enhanced work–life balance and perceived autonomy,
on the other hand it negatively impacts on the quality of work relationships and career [72]. Additional
research is necessary to understand the simultaneously positive and negative impacts of the use of
ICTs and remote working for employees’ wellbeing.
4.1. Limitations
A first limitation of this study was its cross-sectional design; in the future, longitudinal or diary
studies are needed to test causal relationships among these variables across time. A second limitation
was the risk of common method-bias [63] due to the use of only self-reported data. Other-reported
data (e.g., supervisors or partners) as well as objective data (e.g., objective evaluation of stress, number
of received emails) should be considered in future studies about these topics. A third limitation was
the convenience sampling procedure and the heterogeneity of the samples. This kind of procedure
emphasized the opportunity to collect open and honest answers from participants about their working
conditions; nevertheless, results coming from the present study cannot be generalized to the Italian
population. Having the opportunity to investigate technostress dynamics in specific organizations
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would be necessary also to define more contextualized interventions. A further limitation of the study
was that it considered only three out of the five technostress creators suggested by the authors in the
original version [12,13]. However, the scale was useful to investigate technostress in the present study,
which highlighted techno-overload and techno-invasion as the main dimensions during the Covid-19
pandemic. With this regard, a further limitation of the study is that it did not consider emotional
distress directly related to the situation of emergency. Finally, in future research family to work conflict
should be also considered, as well as the role of supervisors and their leadership style [23].
4.2. Practical Implications
Flexible work solutions, such as remote working, are aimed at improving quality of work and its
relationship with personal life [76,79]; similarly, technology use for work purposes may have several
advantages for workers. Nevertheless, as confirmed also by the results coming from the present study,
some negative consequences need to be recognized and addressed.
Firstly, requests to workers and workload levels need to be monitored by supervisors and managers.
The “always on” working practice, encouraged by remote working, challenges employees in terms of
mental and physical fatigue. Because of the features of remote working, which is mainly a home-based
activity, organizational demands tend to exceed normal working hours and normal workload with
undebatable consequences for individual and organizational performance and wellbeing. In this vein,
a change of pace is necessary in terms of cultural change, in order to support workers and organizations
to address the challenges posed by this relatively new approach, delimiting the borders between work
and nonwork and managing the expectation of constant availability and reachability, which are typical
of Italian organizations [23]. Speculatively, the Covid-19 emergency, which imposed work from home
arrangements, may serve as “cultural shock” to advance long-term cultural changes about remote
working [10].
Supplemental work supported by ICTs should be reduced or avoided, in condition of both
traditional and remote working, while segmentation practices should be encouraged [80]. Moreover,
in pandemic times when job demands tend to further increase, workers need an incrementation of
resources to restore a balance between job demands and resources. Thus, organizations should adopt
specific interventions to take care of employees’ wellbeing. Kniffin and colleagues [11] suggested
immediate tangible resources, such as information (e.g., about working changes and practices or about
prevention) and training or counselling to assist employees, and psychological resources, such as
feedback, support, and inspiration by own supervisors and colleagues. Further, resources to mitigate
work–family conflict are essential; organizations should foster family-friendly culture norms and
supervisors’ support [10].
Workers and employers should be aware about the effects of the use of ICTs, which increases in
situation of remote working as well as during quarantine, and about the phenomenon of technostress;
training and communication programs seem to be relevant for this purpose. Managers and
organizational leaders also play a crucial role; through the development of appropriate human
resource management programmes, they can help identifying technostress problems in the workplace,
and implementing solutions, policy changes and preventions [81]. Moreover, organizations could offer
training and instruments to cope with the effects of remote working on work–family conflict, and to
find proactive and family-friendly strategies.
Taking these aspects into account, results coming from the present study also contributed to
highlight that remote working can be a positive solution for both workers and employers. Workers
may enjoy positive effects on work–family balance and work-related health, balancing job demands
and the achievement of specific working objectives with personal and family needs. Nevertheless,
during the quarantine many workers have been confronted with family obligations, because of the
closure of schools and basic services. In lockdown situations, organizations should consider these
challenges and negotiate specific work arrangements that fit with employees’ situations and needs,
allowing as much leeway as possible [11]. On the other hand, the unexpected pandemic situation has
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proven to organizations that they could adopt remote working as a human resources management
strategy to save personnel costs, to contain costs for organizational physical spaces’ rental, and to
attract new resources using remote working as a desirable employer branding strategy.
Accordingly, results of the study also allowed to highlight some practical suggestions useful for
human resources management professionals engaged in the concrete application of remote working to
organizational contexts. Successful programs about remote working include employees’ involvement
in the creation of the program, training, participation of the whole teams, and constant monitoring [3].
Employees’ participation to the implementation of a plan for the transition to remote working could be
crucial to develop a shared culture of technology use in organizations and therefore to guide individual
and organizational behaviours. This process of involvement could be further complemented by the
implementation of job redesign and job crafting interventions aimed to support workers in managing
the transition to remote working, considering it as a strategy to both balance work and life contexts and
increase productivity at work [82,83]. Moreover, after the Covid-19 pandemic, job redesign practices
may be essential to restore and optimize working conditions.
5. Conclusions
The present work had two main goals, pursued through two different studies. In Study 1 the
validation of a brief Italian version of the technostress creators scale was investigated. We proposed an
11-item scale to detect techno-overload, techno-invasion and techno-complexity; according to results,
all minimum required validation conditions were satisfied. Thus, Study 1 contributed to the literature
providing a short instrument useful to investigate technostress in the Italian context, valid in both
remote working and traditional working conditions.
In Study 2, the brief Italian technostress creators scale was applied to the investigation of
technostress during the Covid-19 pandemic. Among the emergency measures, remote working
has been largely adopted by workers from both private and public sectors, and an increment in its
implementation is expected in the future. Hence, the study intended to investigate the role of three
techno-stressors, namely techno-overload, techno-invasion and techno-complexity, in relation with
two relevant wellbeing outcomes, work–family conflict and behavioural stress, controlling for the
condition of remote working. Among the main findings, results highlighted positive associations
between the three techno-stressors and the two outcomes, confirming the necessity to deal with the
massive use of technologies for work purposes and its negative consequences. Moreover, the study
indicated both workload and remote working as antecedents of technostress creators; as suggested
above, interventions on working cultures and in the human resources management field are necessary
to prevent negative consequences of technology use and to foster a positive implementation of
remote working.
Despite these findings, some open questions remain for future studies. Firstly, Study 2 was
conducted during the Covid-19 emergency; thus, it gathers technostress related dynamics during a
specific situation. Future studies are necessary to verify whether these results, particularly the role
of workload and remote working as antecedents of techno-stressors, persist also during traditional
times. Longitudinal studies and monitoring practices will be essential, to understand the evolution of
technostress in those contexts that will prolong remote working for an extended period (e.g., six months
or more) and/or that will introduce specific actions to support remote working application.
Moreover, a wider investigation of technostress antecedents is needed, in order to identify the
main risk factors and adopt proper solutions. In this sense, it could be useful to understand if and
how individual factors could have a role in technostress effects. More in depth, it would be functional
to detect the potential role of personality traits on the experimentation of technostress, considering
those studies linking personality and the ease of technology use [84]. Moreover, the pervasiveness of
technology during the Covid-19 pandemic, and the consequent high level of job and social demands,
could have led to increased workaholism behaviours and Internet or digital devices addiction. This point
should be detected as a consequence of technostress experienced by subjects. Additionally, the massive
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mandatory remote working may have exacerbated alcohol use disorders, also because of the distance
from work-based peers and supervisors who may provide critical stress-attenuating support during a
crisis [11].
Extending the understanding of the relationship between technostress, remote working and
work–family issues is also necessary; on the one side, in addition to work–family conflict, the direction
from family to work, in which family responsibilities interfere with work, should be investigated.
Moreover, in consideration of the high number of “dual-career” couples, future studies should involve
participants’ partners to investigate the presence of crossover effects or differences between couples
where both partners do remote working and couples where, among the two, only one member works at
a distance. Finally, nowadays there may be additional techno-stress creators beyond those considered
in the two studies, stressors that are more related to the recent technology development and to the
massive use of remote working. Qualitative and quantitative studies are necessary to capture today’s
needs and formulate an updated instrument.
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Appendix A
Table A1. Technostress creators scale.
Original Items Italian Translations
Techno-overload
I am forced by technology to work much faster Sono costretto/a dalle tecnologie a lavorare molto più velocemente
I am forced by technology to do more work than I
can handle
Sono costretto/a dalle tecnologie a fare più lavoro di quello che
riesco a gestire
I am forced by technology to work with very tight
time schedules
Sono costretto/a dalle tecnologie a lavorare con scadenze
molto strette
I am forced to change my work habits to adapt to
new technologies
Sono costretto/a a cambiare le mie abitudini lavorative per
adattarmi alle tecnologie
Techno-invasion
I spend less time with my family due to technology Trascorro meno tempo con la mia famiglia a causa dellenuove tecnologie
I have to be in touch with my work even during my
vacation due to technology
Devo rimanere in contatto con il mio lavoro anche durante le
vacanze, le serate e i weekend a causa della tecnologia
I feel my personal life is being invaded by this technology Sento che la mia vita personale è stata invasa da queste tecnologie
Techno-complexity
I do not know enough about technology to handle my
job satisfactorily
Non ne so abbastanza di tecnologia per gestire il mio lavoro in
modo soddisfacente
I need a long time to understand and use new technologies Ho bisogno di molto tempo per comprendere e utilizzarenuove tecnologie
I do not find enough time to study and upgrade my
technology skills
Non trovo abbastanza tempo per studiare e aggiornare le mie
capacità tecnologiche
I often find it too complex for me to understand and use
new technologies
Trovo spesso troppo complesso per me capire e usare le
nuove tecnologie
Note: Likert scale from 1 = strongly disagree to 5 = strongly agree.
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